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Zpilsob vyroby hemivapenate soli (£)-7-[4-(4-fluorfenyl)-6-isopropyl-2- 
^methyl(methylsulfony^ 

Oblast techniky 

Vynalez se tyka noveho zpusobu vyroby hemivapenate soli ( J B)-7«[4-(4-fluorfenyl)-6- 
isopropyl-2-[methyl(methylsulfon^ 

heptenove kyseliny zname pod nechranenym nazvem rosuvastatin, vzorce L 




Uvedene lecivo je vyznamnym pfedstavitelem hypolipidemickych a hypocholesterickych 
leciv. 

Dosavadm stay technikv 

Rosuvastatin se vyrabi podle zverejneneho patentu (EP 521471) obvykle ze sodne soli (£)-7- 
-[4-(4-fluorfenyl)-64sopropyl-2-[^^ (32?,5S)-3,5-- 
dihydroxy-6-heptenove kyseliny a vhodne, ve vode rozpustne vapenate soli, s vyhodou z 
chloridu vapenateho. 

Vychozi sodnou sul je mozne ziskat podle vyse uvedeneho patentu z methylesteru iE)-!^ 
(4-fluorfenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin^ 

dihydroxy-6-heptenove kyseliny vzorce II hydrolyzou ethanolickym hydroxidem sodnym 
nebo noveji (podle mezinarodni patentove prihlasky WO 00/49014) z terc-butyl (£)-(6-[2-[4- 
(4-fluorfenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyri 
2,2-dimethyl-[l 3 3]dioxan-4-yl)-acetatu vzorce HI 
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Tento meziprodukt se nejprve rnichanim skyselinou chlorovodikovou a posleze s 
hydroxidem sodnym pfevede na sodnou sul ph'slusne kyseliny. Vapenata sul pote vznika 
pfidanim chloridu vapenateho kroztoku sodne soli ve vode. Takto pripravena sul je vsak 
znecistena anorganickymi latkami. Napflklad zbytkovy hydroxid sodny poskytuje s vapenatou 
soli ve vode nerozpustny hydroxid vapenaty. AutoK nove patentove pfihlasky (WO 
00/042024) tvrdi, ze latka pripravena podle patentu EP 521471 mela amorfhi strukturu, 
nicmene proces pfipravy byl obtizne reprodukovateln^. 

Podle dalsi patentove pfihlasky (WO 03/016317) lze ziskat vapenatou sul take pusobenlm 
hydroxidu vapenateho na lakton vzorce IV 
F 




IV 



nebo jine estery rosuvastatinu. 



Ukolem tohoto vynalezu je popsat novy, zlepseny zpusob vyroby hemivapenate soli (E)-7-[4- 
(4-fluorfenyl)-64sopropyl-2-[methyl(methylsulfonyl)am 

-dihydroxy-6-heptenove kyseliny (rosuvastatinu), ktery by nemel uvedene nevyhody, a dale 
zlepseny postup vyroby amorfhi formy. 



Podstata vynalezu 

Pfedmetem vynalezu je novy zpusob vyroby hemivapenate soli (£)-7-[4-(4-fluorfenyl)-6- 
isopropyl-2-[methyl(methylsulfonyl)^ 

heptenove kyseliny vzorce I, spocivajici vtom, ze je vodny roztok sodne nebo draselne soli 
(E)-7-[4-(4-fluorfenyl)-6-isopropyl-2-[methyl(methylsulfonyl)am 

3 , 5 -dihydroxy-6-hepteno ve kyseliny s pfipadnou pnmesi hydroxidu sodneho nebo draselneho 
a dalsich sodnych nebo draselnych soli s anorganickym aniontem extrahovan s vodou 
omezene misitelnym organickym rozpoustedlem vybranym zfady R^OOR 2 , R^OR 2 nebo 
R^H, kde R 1 a R 2 znamenaji nezavisle vodik nebo zbytek alifatickeho uhlovodiku Ci az Cio, 
aromatickeho uhlovodiku C 6 , cyklickeho uhlovodiku C 5 nebo C 6 , popffpade kombinace 
alifatickeho a aromatickeho nebo cyklickeho uhlovodiku, extrakt je dale protfepan s vodnym 
roztokem anorganicke nebo Ci az C 5 organicke vapenate soli a produkt vzorce I je dale 
isolovan chlazenim a/nebo pfidaium antirozpoustedla a filtraci. 

Vodny roztok sodne nebo draselne soli E)-7-[4-(4-fluorfenyl)-6-isopropyl-2- 
[methyl(methylsulfonyl)amino]py^^ kyseliny 
se svyhodou ziska postupne kyselou hydrolyzou a nasledne alkalickou hydrolyzou 
chraneneho esteru vzorce in 
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nebo alkalickym otevfenim laktonu vzorce IV 




Extrakce sodne nebo draselne soli z vodneho roztoku provede esterem vzorce R^COOR 2 , kde 
R 1 a R 2 maji vyse uvedeny vyznam, nebo jeste vyhodneji se extrakce provede esterem 
R 1 COOR 2 , kde R 1 ' i R 2 jsou nezavisle vodik nebo Ci az C 5 alifaticky zbytek, s vyhodou 
ethylacetatem. 

Cely tento postup je zalozen na pfekvapivem zjisteni, ze sodna nebo draselna sul (£)-7-[4-(4- 
fluorfenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyri 

dihydroxy-6-heptenove kyseliny je kvantitativne extrahovatelna z vodne faze do rozpoustedel 
typu esteru, ketonu nebo alkoholu vzorce R l COOR 2 , R^OR 2 nebo R^H, kde R 1 a R 2 maji 
vyse uvedeny vyznam. Takto ziskanou sodnou nebo draselnou sul je mozno pfevest 
kvantitativne na vapenatou sul michanim s vodnym roztokem anorganicke nebo organicke 
vapenate soli. Odpafenim a krystalizaci lze pote ziskat rosuvastatin. 



Pfedmetem vynalezu je take novy zpusob vyroby amorfhi formy, ktery je zalozen na 
rozpusteni vapenate soli rosuvastatinu ve vhodnem rozpoustedle a jeho pfidani do 
rozpoustedla, ve kterem je rosuvastatin zcela nebo malo rozpustny. Roztok hemivapenate soli 
rosuvastatinu v organickem rozpoustedle vybranem zfady R^OOR 2 , R ! COR 2 nebo R*OH, 
kde R 1 a R 2 maji vyse uvedeny vyznam, se prikape do rozpoustedla, ve kterem je rosuvastatin 
nerozpustnjr, vybraneho z fady zahrnujici slouceniny vzorce R'H, R^R 2 , kde R 1 a R 2 maji 
vyse uvedeny vyznam, a vodu. 

1 * 2* 

Sloucenina vzorce I se rozpusti v rozpoustedle s vyhodou vybranem zfady R COOR , 
R r COR 2 nebo R 1 OH, kde R r a R 2 ' maji vyse uvedene vyznamy, je pfikapan do rozpoustedla, 
ve kterem je rosuvastatin nerozpustny, vybraneho z fady zahrnujici slouceniny vzorce R l H, 
R r OR 2 , kde Rl ' a R2 C maji vyse uvedene vyznamy, a vodu. 
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Sloucenina vzorce I se s vyhodou rozpusti v rozpoustedle zahrnujicim ketony, zejmena 
aceton, ethylmethylketon, isopropylmethylketon, alkoholy, zejmena methanol, ethanol, 
isopropanol, nebo butanoly, dale estery, zejmena kyseliny mravenci, kyseliny octove nebo 
kyseliny propionove s methyl-, ethyl- nebo propylalkoholem a produkt se srazi rozpoustedly 
zahrnujici heptan, pentan, cyklohexan, toluen, petrolether, diethylether nebo vodu. 

Pf ehled obrazku na vvkrese 

Na Obr. 1 je znazornen difraktogram amorfhiho vzorku hemivapenate soli rosuvastatinu. 
Podrobnej si popis vynalezu. 

Estery rosuvastatinu nebo lakton rosuvastatinu vzorce IV je mozno hydrolyzovat ve vodnem 
tetrahydrofuranu hydroxidem sodnym a vzniklou sodnou sul rosuvastatinu extrahovat 
kvantitativne do organicke faze, s vyhodou do ethylacetatu. Takto ziskana sodna sul je na 
vapenatou sul prevedena tfepanim roztoku sodne soli v ethylacetatu nebo jinem rozpoustedle 
vyse zmineneho typu s ve vode rozpustnou vapenatou soli, s vyhodou s octanem vapenatym. 
Zbytkove anorganicke necistoty se pote odstrani promytim demineralizovanou vodou. 
Odpafemm a krystalizaci Ize ziskat rosuvastatin, ktery neni znecisten anorganickymi latkami. 

Die puvodmho patentu EP 521471 pfipraveny rosuvastatin mel amorfiii strukturu, ale proces 
neni reprodukovateln^. Amorfhi forma ma obvykle rozdilne disolucni charakteristiky a 
biodostupnost nez krystalicke formy (Konno T.: Chem. Pharm. Bull 1990, 38, 2003). 
Vpfipade rosuvastatinu, ktery je ve vode malo rozpustny, je dulezite mit kdispozici 
reprodukovatelny postup k ziskani amorfhi formy. 

Vnasem postupu se ukazalo, ze dokonale amorfni rosuvastatin lze ziskat rozpustenim 
krystalickeho nebo semikrystalickeho rosuvastatinu vysrazenim z roztoku rosuvasatinu 
v rozpoustedle, ve kterem je rosuvastatin rozpustny za studena nebo za zvysene teploty, 
zvolenem z fady R^COOR 2 , R l COR 2 nebo R l OH, kde R l a R 2 maji vyse uvedeny vyznam, a 
pfidanim vznikleho roztoku do rozpoustedla, v kterem je rosuvastatin nerozpustny, vybraneho 
z fady R 1 !!, R ! OR 2 , kde R 1 a R 2 maji vyse uvedeny vyznam, nebo vody. Mezi rozpoustedla, 
v ktery ch je rosuvastatin rozpustny za studena nebo za zvysene teploty, radime takova 
rozpoustedla, vkterych je rozpustnost vetsi nez 1 g v 50 ml. Muze byt pouzita i smes 
vhodnych rozpoustedel. Pnkladem takovych vyhodnych rozpoustedel je methanol, 



ethylmethylketon nebo ethylacetat. Za rozpoustedla, v kterych je rosuvastatin nerozpustny, 
povazujeme rozpoustedla, v kterych se nerozpusti 1 g latky v 1000 ml rozpoustedla za 
studena. Pfikladem takovych rozpoustedel jsou s vyhodou hexan, pentan, diethylether nebo 
voda. Podrobnejsi vycet techto rozpoustedel byl uveden vyse. Difraktogram dokonale 
amorfiiiho vzorku (pfipraveneho podle pfikladu 5) je na obr. 1, mefeni byla provadena na 
' difraktometru SEIFERT 3000 XRD s grafitovym monochromatorem, zareni CoKa (X = 
1,790A) v rozsahu 2 3 5 ~ 40°20 s krokem 0 5 03. 

Vynalez je blize objasnen v nasledujicich pnkladech provedem. Tyto pfiklady, ktere ilustruji 
pfednostm alternativy vyroby rosuvastatinu podle vynalezu, maji vyhradne ilustrativni 
charakter a rozsah vynalezu vzadnem ohledu neomezuji. Semikrystalicky rosuvastatin 
pouzity v pfikladu 5 byl ziskan podle puvodniho patentu EP 521471. Krystalicky rosuvastatin 
pouzity v pnkladech 6 a 7 byl ziskan podle patentu WO 00/042024. 

Pfiklady provedeni vynalezu 

Pfiklad 1 

Knavazenemu laktonu IV (5 g, 10,8 mmol) se pfida tetrahydrofuran (75 ml). Ktakto 
ziskanemu roztoku je behem 5 min pfidan roztok 40 % NaOH (10 ml) a heterogenni smes je 
intenzivne michana 17 h a pote nalita do delici nalevky obsahujici demineralizovanou vodu 
(150 ml) a hexan (50 ml). Po vytfepani se organicka vrstva odlije a vodna vrstva je 
extrahovana smesi hexanu (40 ml) a tetrahydrofuranu (10 ml). Po uplnem rozsazeni je vodna 
vrstva extrahovana ethylacetatem (1 x 40 ml, 3 x 20 ml). Ethylacetatovy extrakt je pote 
postupne protrepan 3 x s demineralizovanou vodou (5 ml) obsahujici vzdy 1 g octanu 
vapenateho v 5 ml vody. Vznikly ethylacetatovy extrakt je promyt demineralizovanou vodou 
(2x5 ml) a po vysuseni je zahusten na vakuove odparce na objem 30 ml a pfikapan do 
hexanu (150 ml). Ziska se 4,5 g amorfiiiho rosuvastatinu. 
1 HNMR(DMSO)5: 

1,22 (d, J = 7, 6H); 1,41 (m, 1H); 1,61 (m, 1H); 2,18 (dd, J - 3, 2H); 3,43(m, 1H); 3,45 (s, 
3H); 3,57(s, 3H); 3,83(m,lH); 4,25(m, 1H); 5,56(dd, J = 7,16, 1H); 6,58(d, J = 16, 1H); 
7,33(m, 2H); 7,76(m, 2H) 

MS pro C2 2 H28FN 3 06SNa [M + Na] + vypocteno 504,1; nalezeno 503,8 



Pfiklad 2 



Postupem popsanym v pfikladu 1, kde byl k hydrolyze esteru pouzit misto hydroxidu sodneho 
hydroxid draselny' a nasledne byla ziskana draselna sul rosuvastatinu, ktera byla dale 
zpracovana podle postupu popsaneho v pfikladu 1, bylo ziskano 4,2 g amorfhiho 
' rosuvastatinu. 

Pfiklad 3 

Knavazenemu esteru III (1 g, 1,7 mmol) se pfida tetrahydrofuran (15 ml) a po rozpusteni 
veskere latky se pfilije 10% HC1 (4 ml). Tato smes je michana 24 h za laboratorni teploty. 
Pote je k roztoku behem 5 min pfidan roztok 40 % NaOH (2 ml) a heterogenni smes je 
intenzivne michana 17 h a pote nalita do delici nalevky obsahujici demineralizovanou vodu 
(30 ml) a hexan (10 ml). Po vytfepani se organicka vrstva odlije a vodna vrstva je extrahovana 
smesi hexanu (8 ml) a tetrahydrofuranu (2 ml). Po uplnem rozsazem je vodna vrstva 
extrahovana ethylacetatem (1 x 20 ml, 3 x 10 ml). Spojene ethylacetatove extrakty jsou 
postupne protfepany 3 x s demineralizovanou vodou (1 ml) obsahujici vzdy 0,2 g octanu 
vapenateho v 1 ml vody. Vznikly ethylacetatovy roztok je promyt demineralizovanou vodou 
(2x3 ml) a po vysuseni siranem vapenatym je odpaf en na vakuove odparce. Po krystalizaci 
z acetonitrilu a vody bylo ziskano 0,7 g rosuvastatinu. 

Pfiklad 4 

Knavazenemu esteru II (1 g, 2 mmol) se pfida tetrahydrofuran (15 ml) a po rozpusteni je 
k roztoku behem 5 min pfidan roztok 40 % NaOH (2 ml) a heterogenni smes je intenzivne 
michana 17 h a pote nalita do delici nalevky obsahujici demineralizovanou vodu (30 ml) a 
hexan (10 ml). Po vytfepani se organicka vrstva odlije a vodna vrstva je extrahovana smesi 
hexanu (8 ml) a tetrahydrofuranu (2 ml). Po uplnem rozsazeni je vodna vrstva extrahovana 
ethylacetatem (1 x 20 ml, 3 x 10 ml). Ethylacetatovy roztok je pote postupne protfepan 3 x 
s demineralizovanou vodou (1 ml) obsahujici vzdy 0,2 g octanu vapenateho v 1 ml vody. 
Vznikty ethylacetatovy roztok je promyt demineralizovanou vodou (2x3 ml) a odpaf en na 
vakuove odparce. Po krystalizaci z acetonitrilu a vody bylo ziskano 0,7 g rosuvastatinu. 



Priklad 5 



Semikrystalicky rosuvastatin (1 g) byl rozpusten v ethylmethylketonu (10 ml) pfi teplote 40 
°C. Ziskany roztok byl po filtraci za intenzivniho michani pfikapan do pentanu (70 ml). Po 30 
min. micham byl roztok odsat a susen za vakua. Ziskano bylo 0,95 g amorfhiho rosuvastatinu. 

Priklad 6 

Krystalicky rosuvastatin (1,5 g) byl rozpusten v methanolu (10 ml) pfi teplote 25 °C. Ziskany 
roztok byl po filtraci za intenzivniho michani pfikapan do vody (150 ml) pfi teplote 5 °C. Po 
30 min. michani byl roztok odsat a susen za vakua. Ziskano bylo 1,3 g amorfhiho 
rosuvastatinu. 

Pf iklad 7 

Krystalicky rosuvastatin (1 g) byl rozpusten v methanolu (10 ml) pfi teplote 25 °C. Ziskany 
roztok byl po filtraci za intenzivniho michani pfikapan do diethyletheru (150 ml) pfi teplote 
25 °C. Po 30 min. michani byl roztok odsat a susen za vakua. Ziskano bylo 0,7 g amorfhiho 
rosuvastatinu. 



PATENTOVE NAROKY 



1. Zpusob vyroby hemivapenate soli (£)-7-[4-(4-fluorfenyl)-6-isopropyl-2- 
[methyl(methylsulfonyl)amino]pyrimidin-5-yl](3i?,55) kyseliny 
vzorce I, tj. rosuvastatinu 



vyzaacujfci se tfm 5 ze se vodny roztok sodne nebo draselne soli E)-7-[4-(4-fluorfenyl)-6- 
-isopropyl-2- [methyl(methylsulfonyl)amino] pyrimidin-5 -yl] (3R 3 5S)-3,5-dihydroxy-6- 
-heptenove kyseliny s pffpadnou primes! hydroxidu sodneho nebo draselneho a dalsich 
sodnych nebo draselnych soli s anorganickym aniontem extrahuje s vodou omezene 
misitelnym organickym rozpoustedlem vybranym z fady R^OOR 2 , R ! COR 2 nebo R*C)H 5 kde 
R 1 a R 2 znamenaji nezavisle vodik nebo zbytek alifatickeho uhlovodiku Ci az Cio, 
aromatickeho uhlovodiku C6 ? cyklickeho uhlovodiku C 5 nebo Ce, popnpade kombinace 
alifatickeho a aromatickeho nebo cyklickeho uhlovodiku, extrakt se dale protrepe s vodnym 
roztokem anorganicke nebo Ci az C5 organicke vapenate soli a produkt vzorce I se dale 
isoluje chlazenim a/nebo pfidanim antirozpoustedla a filtraci a popnpade se pfevede na a jeho 
amorfhi formu. 

2. Zpusob podle naroku 1, vyznacujici se tun, ze se vodny roztok sodne nebo draselne soli 
E)-7-[4-(4-fluorfenyl)-64sopropyl-2-[m 

3,5-dihydroxy-6-heptenove kyseliny ziska postupne kyselou hydrolyzou a nasledne alkalickou 
hydrolyzou chraneneho esteru vzorce JR 
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nebo alkalickym otevf enlm laktonu vzorce IV 
F 




(IV) 



3. Zpusob podle naroku 1 vyznacujici se tim, ze se extrakce sodne nebo draselne soli 
zvodneho roztoku provede esterem vzorce R^OOR 2 , kde R l a R 2 maji vyznam uvedeny 
v naroku 1 . 

4. Zpusob podle naroku 1 5 vyznacujici se tim, ze se extrakce provede esterem R 1 COOR 2 , kde 
R 1 ' i R r jsou nezavisle vodik nebo Ci az C 5 alifaticky zbytek, s v^hodou ethylacetatem. 

5. Zpusob v>roby amorfm formy hemivapenate soli (£)-7-[4«(4-fluorfenyl)-6-isopropyl-2- 
[methyl(methylsulfonyl)am vzorce I, 
tj. rosuvastatinu, podle naroku 1, vyznacujici se tim, ze roztok hemivapenate soli (E)-7-[4-(4- 
-fluorfenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-yl](^ 
dihydroxy-6-heptenove kyseliny v organickem rozpoustedle vybranem zfady R l COOR 2 ? 
R l COR 2 nebo R^H, kde R 1 a R 2 maji vyznam uvedeny v naroku 1, se pfikape do 
rozpoustedla, ve kterem je rosuvastatin nerozpustny, vybraneho z fady zahrnujici slouceniny 
vzorce R l H, R*OR 2 , kde R 1 a R 2 maji vyznam uvedeny v naroku 1, a vodu. 
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6. Zpusob podle naroku 5, vyznacujicf se tim, ze se sloucenina vzorce I rozpusti 
v rozpoustedle vybranem zfady R r COOR 2 ', R r COR 2 'nebo R l OH, kde R 1 ' a R 2 maji 
vyznamy uvedene v naroku 4, je pfikapan do rozpoustedla, ve kterem je rosuvastatin 
nerozpustny, vybraneho z fady zahrnujici slouceniny vzorce R r H, R r OR 2 ' , kde Rl' a R2' 
maji vyznam uvedeny naroku 4, a vodu. 

7. Zpusob podle naroku 5, vyznacujfd se tim, ze se sloucenina vzorce I rozpusti 
v rozpoustedle zahrnujicim ketony, zejmena aceton, ethylmethylketon, isopropylmethylketon, 
alkoholy, zejmena methanol, ethanol, isopropanol, nebo butanoly, dale estery, zejmena 
kyseliny mravenci, kyseliny octove nebo kyseliny propionove s methyl-, ethyl- nebo 
propylalkoholem a produkt se srazi rozpoustedly zahrnujici heptan, pentan, cyklohexan, 
toluen, petrolether, diethylether nebo vodu. 




Anotace 

"Nazev vynalezu: Zpusob vvrobv hemivapenate soli (ffi-744-(4-fluorofenvlV6-isop^^ 
-[methvlfmethvlsulfonvDa 

Zpusob vyroby hemivapenate soli rosuvastatinu vzorce (I) spociva v torn, ze se vodny roztok 
* sodne nebo draselne soli (E)-7-[4-(4-fluorfenyl)-64sopropy 
-amino]pyrimidin-5-yl](3R ? 5S)-3 ? 5-dihydroxy-6-heptenove kyseliny s pfipadnou pfimesi 
hydroxidu sodneho nebo draselneho a dalsich sodnych nebo draselnych soli s anorganickym \ 
aniontem ^ctrahuje s vodou omezene misitelnym organickym rozpoustedlem vybranym 
zfady R^OOR 2 , R^OR 2 nebo R^H, kde R 1 a R 2 znamenaji nezavisle vodik nebo zbytek 
alifatickeho uhlovodiku Ci az Cio, aromatickeho uhlovodiku C6, cyklickeho uhlovodiku C 5 
nebo Ce, popnpade kombinace alifatickeho a aromatickeho nebo cyklickeho uhlovodiku, 
extrakt se dale protfepe s vodnym roztokem anorganicke nebo Ci az C 5 organicke vapenate 
soli a produkt vzorce (I) se dale isoluje chlazemm a/nebo pridamm antirozpoustedla a filtraci 
a popfipade se pfevede na a jeho amorfm formu. 
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A method of preparation of hemi-calcium salt of (£>7-[4-(4-fluorophenyl)-6-isopropyl-2- 
~[methyl(methylsulfonyl)aminofr acid 

Technical Field 

The invention concerns a new method of preparation of the hemi-calcium salt of (iT)-7-[4-(4- 
fluorophenyl)-6-isopropyl-2-[methyl(^ 

dihydroxy-6-heptenoic acid known under the INN name rosuvastatin, formula I. 




The mentioned medicament is a prominent representative of hypolipidemic and 
hypocholesteric pharmaceuticals. 

Background Art 

Rosuvastatin is produced according to the published patent (EP 521471) usually from the 
sodium salt of (^-7-[4-(4-fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]- 
pyrimidin-5-yl] (3£,5,S)-3,5-dihydroxy-6-heptenoic acid and an appropriate water-soluble 
calcium salt, preferably from calcium chloride. 

The starting sodium salt can be obtained according to the above-mentioned patent from the 
methyl ester of ( J £T)-7-[4-(4-fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]- 
pyrimidin-5-yl](3i? ? 55)-3 5 5-dihydroxy-6-heptenoic acid of formula II via hydrolysis with 
ethanolic sodium hydroxide or lately (according to international patent application WO 
00/49014) from terf-butyl (£)-(6-[2-[4-(4-fluorophenyl)-6-isopropyl-2-[methyl- 
(methylsidfonyl)amm 
of formula III 
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F 




This intermediate product is first transferred to the sodium salt of the relevant acid via stirring 
first with hydrochloric acid and then with sodium hydroxide. The calcium salt is subsequently 
obtained via adding calcium chloride to the solution of the sodium salt in water. However, the 
salt, which is prepared in this way, is contaminated with inorganic substances. For example, 
residual sodium hydroxide reacts with calcium salt to produce water-insoluble calcium 
hydroxide. Authors of the new patent application (WO 00/042024) assert that the substance 
prepared according to patent EP 521471 had an amorphous structure, nevertheless the process 
of preparation was difficult to reproduce. 

According to another patent application (WO 03/016317), the calcium salt can be obtained 
also via reaction of calcium hydroxide with the lactone of formula IV 
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IV 
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or other esters of rosuvastatin. 

The objective of this invention is to describe a new, improved method of preparation of the 
hemi-calcium salt of (^-7-[4-(4-fluorophenyl)--6--isopropyl--2-[methyl(methylsulfonyl)- 
amino]pyrimidin-5-yl](3i?,55)-3,5»dihydroxy-6-heptenoic acid (rosuvastatin), which would 
not have the mentioned disadvantages, and also an improved method of preparation of the 
amorphous form. 

Disclosure of Invention 

The subject matter of the invention consists in an improved method of preparation of the 
hemi-calcium salt of ( J E)-7-[4-(4-fluorophenyl)«-6~isopropyl-2-[methyl(methylsulfonyl)-" 
amino]pyrimidin-5--yl](3i?,56)-3,5-dihydroxy-6-heptenoic acid of formula I, wherein an 
aqueous solution of the sodium or potassium salt of (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2- 
[methyl(methylsulfonyl)amino]pyrimidin-5-yl](3R,5S)-3,5-dihydroxy-6-heptenoic acid, with 
optional admixture of sodium or potassium hydroxide and other sodium or potassium salts 
having inorganic anions, is extracted with an organic solvent, incompletely miscible with 
water, selected from the series of R^COOR 2 , R l COR 2 or R^H, wherein R 1 and R 2 
independently represent hydrogen or a residue of a C1-C10 aliphatic hydrocarbon, C 6 aromatic 
hydrocarbon, C 5 or C6 cyclic hydrocarbon, optionally a combination of an aliphatic and 
aromatic or cyclic hydrocarbon, the extract being subsequently shaken with an aqueous 
solution of an inorganic or C1-C5 organic calcium salt, and the product of formula I is further 
isolated by cooling and/or adding an anti-solvent and filtration. 

The aqueous solution of the sodium or potassium salt of (E)-7-[4-(4-fluorophenyl)-6- 
isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-yl] (3R,5 S)-3 ,5 -dihydroxy-6- 
heptenoic acid is preferably obtained stepwise by acidic hydrolysis and subsequent alkaline 
hydrolysis of the protected ester of formula III 
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III 



or by alkaline opening of the lactone of formula IV 



F 




(IV) 



Extraction of the sodium or potassium salt from the aqueous solution is performed with an 
ester of formula R^COOR 2 , wherein R 1 and R 2 have the above mentioned meanings, or, even 
more preferably, extraction is made with ester R 1 COOR 2 , wherein R 1 and R 2 are 
independently hydrogen or a C1-C5 aliphatic residue, preferably with ethyl acetate. 

This whole procedure is based on the surprising finding that the sodium or potassium salt of 
(i^-7-[4-(4-fluorophenyl)-6-isopro 

yl](3i? 5 5S)-3,5-dihydroxy-6-heptenoic acid can be quantitatively extracted from the aqueous 
phase into solvents of the type of esters, ketones or alcohols of formulae R^OOR 2 , R l COR 2 
or R ] OH, wherein R 1 and R 2 have the above-mentioned meaning. The sodium or potassium 
salt obtained in this way can be quantitatively transferred into the calcium salt by stirring with 
an aqueous solution of an inorganic or organic calcium salt. Rosuvastatin can be subsequently 
obtained by evaporation and crystallization. 

Another aspect of the invention consists in a new method of preparation of the amorphous 
form, which is based on dissolving the calcium salt of rosuvastatin in a suitable solvent and 
adding the same to a solvent, in which rosuvastatin is completely or little soluble. A solution 
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of the hemi-calcium salt of rosuvastatin in an organic solvent selected from the series of 
R^OOR 2 , R ! COR 2 or R^H, wherein R 1 and R 2 have the above-mentioned meaning, is 
added drop by drop to a solvent in which rosuvastatin is insoluble, selected from the series 
including compounds of formulae R 1 !!, R^R 2 , wherein R 1 and R 2 have the above-mentioned 
meaning, and water. 

The compound of formula I is dissolved in a solvent preferably selected from the series of 
R 1 'COOR 2 ', R r COR 2 or R l OH, wherein R r and R 2 ' have the above-mentioned meanings, 
added drop by drop to a solvent in which rosuvastatin is insoluble, selected from the series 
including compounds of formulae R r H, R 1 OR 2 , wherein R lc and R 2c have the above- 
mentioned meanings, and water. 

The compound of formula I is preferably dissolved in a solution including ketones, 
particularly acetone, ethylmethylketone, isopropylmethylketone, alcohols, particularly 
methanol, ethanol, isopropanol, or butanols, and further esters, particularly of formic acid, 
acetic acid or propionic acid with methyl, ethyl or propyl alcohol, and the product is 
precipitated with solvents including heptane, pentane, cyclohexane, toluene, petroleum ether, 
diethyl ether or water. 

Brief Description of Drawings 

Figure 1 shows the diffraction pattern of an amorphous sample of the hemi-calcium salt of 
rosuvastatin. 

Detailed description of the invention 

Esters of rosuvastatin or rosuvastatin lactone of formula IV can be hydrolyzed in aqueous 
tetrahydrofuran with sodium hydroxide and the resulting sodium salt of rosuvastatin can be 
quantitatively extracted into the organic phase, preferably with ethyl acetate. The sodium salt 
obtained in this way is converted into the calcium salt by shaking a solution of the sodium salt 
in ethyl acetate or another solvent of the above-mentioned type with a water soluble calcium 
salt, preferably calcium acetate. The residual inorganic contaminants are subsequently 
removed by washing with demineralized water. Evaporation and crystallization can produce 
rosuvastatin, which is not contaminated with inorganic substances. 
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According to the original patent EP 521471, the prepared rosuvastatin had an amorphous 
structure, but the process is not reproducible. The amorphous form has usually different 
dissolution characteristics and bio-availability than crystalline forms (Konno T.: Chem. 
Pharm. Bull 1990, 38, 2003j. In case of rosuvastatin, which is little soluble in water, it is 
important to have a reproducible process for obtaining the amorphous form. 

In our method, it has turned out that perfectly amorphous rosuvastatin can be obtained by 
dissolving crystalline or semi-crystalline rosuvastatin by precipitating from a solution of 
rosuvastatin in a solvent in which rosuvastatin is soluble in cold condition or at increased 
temperatures, selected from the series of R^OOR 2 , R^OR 2 or R^H, wherein R 1 and R 2 
have the above-mentioned meaning, and by adding the resulting solution to a solvent in which 
rosuvastatin is insoluble, selected from the series of R l H, R^R 2 , wherein R 1 and R 2 have the 
above-mentioned meaning, or water. The solvents in which rosuvastatin is soluble in cold 
condition or at increased temperatures include those solvents in which solubility is higher than 
1 g in 50 ml. Mixtures of suitable solvents can be also used. Examples of such preferable 
solvents include methanol, ethylmethylketone or ethyl acetate. The solvents in which 
rosuvastatin is insoluble include those in which lg of the substance does not dissolve in 
1,000 ml of the solvent in cold condition. Examples of such solvents include preferably 
hexane, pentane, diethyl ether or water. A more detailed list of these solvents has been 
presented above. The diffraction pattern of a perfectly amorphous sample (prepared according 
to Example 5) is shown in Fig. 1; the measurements were performed on diffractometer 
SEIFERT 3000 XRD with a graphite monochromator, radiation CoKa (X = 1.790A) within 
the range 2.5 - 4O°20 with a step 0.03. 

The invention is elucidated in more detail in the following examples. The examples, which 
illustrate preferred alternatives of production of rosuvastatin according to the invention, have 
a purely illustrative character and do not limit the extent of the invention in any respect. Semi- 
crystalline rosuvastatin used in Example 5 was obtained according to the original patent EP 
521471. Crystalline rosuvastatin used in Examples 6 and 7 was obtained according to WO 
00/042024. 
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Examples 
Example 1 

Tetrahydrofuran (75 ml) is added to weighed lactone IV (5 g, 10.8 mmol). A solution of 40% 
NaOH (10 ml) is added to the solution obtained in this way within 5 minutes and the 
heterogeneous mixture is stirred vigorously for 17 h and then poured in a separating funnel 
containing demineralized water (150 ml) and hexane (50 ml). After shaking, the organic layer 
is poured off and the aqueous layer is extracted with a mixture of hexane (40 ml) and 
tetrahydrofuran (10 ml). After complete separation, the aqueous layer is extracted with ethyl 
acetate (1 x 40 ml, 3 x 20 ml). The ethyl acetate extract is then gradually shaken 3 times with 
demineralized water (5 ml), each containing 1 g of calcium acetate in 5 ml of water. The 
resulting ethyl acetate extract is washed with demineralized water (2x5 ml) and after drying, 
, it is concentrated in a vacuum evaporator to a volume 30 ml and added drop by drop to 
hexane (150 ml). 4.5 g of amorphous rosuvastatin are obtained. 
1 HNMR(DMSO)8: 

1.22 (d, J = 7, 6H); 1.41 (m, 1H); 1.61 (m, 1H); 2.18 (dd, J = 3, 2H); 3.43 (m, 1H); 3.45 (s, 
3H); 3.57 (s, 3H); 3.83 (m,lH); 4.25(m, 1H); 5.56 (dd, J = 7.16, 1H); 6.58 (d, J = 16, 1H); 
7.33 (m, 2H); 7.76 (m, 2H) 

MS for C22H 2 8FN 3 06SNa [M + Na] + : calculated 504.1; found 503.8. 
Example 2 

Following the procedure described in Example 1, using potassium hydroxide instead of 
sodium hydroxide to hydrolyze the ester and giving subsequently the potassium salt of 
rosuvastatin, which was further treated according to the procedure described in Example 1, 
4.2 g of amorphous rosuvastatin were obtained. 

Example 3 

Tetrahydrofuran (15 ml) is added to weighed ester III (1 g, 1.7 mmol) and after all the 
substance has dissolved, 10% HC1 (4 ml) is added. The mixture is stirred for 24 hours at latx 
temperature. Then, a solution of 40 % NaOH (2 ml) is added to the solution over 5 min and 
the heterogeneous mixture is stirred vigorously for 17 h and then poured in a separating 
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funnel containing demineralized water (30 ml) and hexane (10 ml). After shaking, the organic 
layer is poured off and the water layer is extracted with a mixture of hexane (8 ml) and 
tetrahydrofuran (2 ml). After complete separation, the aqueous layer is extracted with ethyl 
acetate (1 x 20 ml, 3 x 10 ml). Combined ethyl acetate extracts are gradually shaken 3 times 
with demineralized water (1 ml), each containing 0.2 g of calcium acetate in 1 ml of water. 
The resulting ethyl acetate solution is washed with demineralized water (2x3 ml) and after 
drying with calcium sulfate, it is evaporated in a vacuum evaporator. After crystallization 
from acetonitrile and water, 0.7 g of rosuvastatin was obtained. 

Example 4 

Tetrahydrofuran (15 ml) is added to weighed ester II (1 g, 2 mmol) and after dissolving, a 
solution of 40 % NaOH (2 ml) is added to the solution over 5 min and the heterogeneous 
mixture is stirred vigorously for 17 h and then poured in a separating funnel containing 
demineralized water (30 ml) and hexane (10 ml). After shaking, the organic layer is poured 
off and the aqueous layer is extracted with a mixture of hexane (8 ml) and tetrahydrofuran (2 
ml). After complete separation, the water layer is extracted with ethyl acetate (1 x 20 ml, 3 x 
10 ml). The ethyl acetate solution is subsequently shaken 3 times with demineralized water 
(1 ml), each containing 0.2 g of calcium acetate in 1 ml of water. The resulting ethyl acetate 
solution is washed with demineralized water (2x3 ml) and evaporated in a vacuum 
evaporator. After crystallization from acetonitrile and water, 0.7 g of rosuvastatin was 
obtained. 

Example 5 

Semi-crystalline rosuvastatin (1 g) was dissolved in ethylmethylketone (10 ml) at 40 °C. After 
being filtered, the resulting solution was added drop by drop to pentane (70 ml), while the 
mixture was stirred vigorously. After 30 min of stirring, the solution was sucked off and dried 
in vacuo. 0.95 g of amorphous rosuvastatin was obtained. 

Example 6 

Crystalline rosuvastatin (1.5 g) was dissolved in methanol (10 ml) at 25 °C. After being 
filtered, the resulting solution was added drop by drop to water (150 ml), while the mixture 
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was stirred vigorously at 5 °C. After 30 min of stirring, the solution was sucked off and dried 
in vacuo. 1.3 g of amorphous rosuvastatin were obtained. 

Example 7 

Crystalline rosuvastatin (1 g) was dissolved in methanol (10 ml) at 25 °C. After being filtered, 
the resulting solution was added drop by drop to diethyl ether (150 ml) at 25 °C. After 30 min 
of stirring, the solution was sucked off and dried in vacuo. 0.7 g of amorphous rosuvastatin 




was obtained. 
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CLAIMS 



1. A method of preparation of the hemi-calcium salt of (£)-7-[4-(4-fluorophenyl)~6-isopropyl- 
2-[methyl(methylsulfon^ acid of 

formula I, i.e. rosuvastatin 



characterized in that an aqueous solution of the sodium or potassium salt of E)-7-[4-(4- 
fluorophenyl)-64sopropyl-2-[methyK^ 

dihydroxy-6-heptenoic acid, with optional admixture of sodium or potassium hydroxide or 
other sodium or potassium salts having inorganic anions, is extracted with an organic solvent, 
incompletely miscible with water, selected from the series of R^COOR 2 , R^COR 2 or R^H, 
wherein R 1 and R 2 independently represent hydrogen or a residue of a C1-C10 aliphatic 
hydrocarbon, C 6 aromatic hydrocarbon, C 5 or C 6 cyclic hydrocarbon, optionally a combination 
of an aliphatic and aromatic or cyclic hydrocarbon, the extract being subsequently shaken 
with an aqueous solution of an inorganic or C1-C5 organic calcium salt, and the product of 
formula I is further isolated by cooling and/or adding an anti-solvent and filtration, and, 
optionally, it is converted into its amorphous form. 

2, The method according to claim 1 characterized in that the aqueous solution of the 
sodium or potassium salt of E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-[methyl- 
(methylsulfonyl)amino]pyrimidin-5-yl](3R,5S)-3,5-dihydroxy-6-heptenoic acid is obtained 
stepwise by acidic hydrolysis and subsequent alkaline hydrolysis of the protected ester of 
formula III 




(i) 
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III 



or by alkaline opening of the lactone of formula IV 




(IV) 



3 . The method according to claim 1 characterized in that the extraction of the sodium 
or potassium salt from the aqueous solution is performed with an ester of formula R ! COOR 2 5 
wherein R 1 and R 2 are as defined in claim 1 . 

4. The method according to claim 1 characterized in that the extraction is performed 
with ester R l COOR 2 ' 5 wherein R 1 ' and R 2 ' are independently hydrogen or a C1-C5 aliphatic 
residue, preferably with ethyl acetate. 

5. A method of the preparation of the amorphous form of the hemi-calcium salt of (E)~7-[4- 
(4-fliiorophenyl)-6-isopropyl-2-[methyl^ 

dihydroxy-6-heptenoic acid of formula I, i.e. rosuvastatin, according to claim 1, 
characterized in that a solution of the hemi-calcium salt of (E)-7-[4~(4-fluorophenyl)- 
6-isopropyl-2-[methyl(methylsulfo 

heptenoic acid in an organic solvent selected from the series of R^OOR 2 , R^OR 2 or R^H, 
wherein R 1 and R 2 are as defined in claim 1, is added drop by drop to a solvent in which 
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rosuvastatin is insoluble, selected from the series including compounds of formulae R ! H, 
R'OR 2 , wherein R 1 and R 2 are as defined in claim 1, and water. 

6. The method according to claim 5characterized in that the compound of formula I is 
dissolved in a solvent selected from the series of R r COOR 2 ', R r COR 2 'or R r OH, wherein R 1 ' 
and R 2 are as defined in claim 4, is added drop by drop to a solvent in which rosuvastatin is 
insoluble, selected from the series including compounds of formulae R r H, R r OR 2 , wherein 

1 ' 2* 

R andR z are as defined in claim 4, and water. 

7. The method according to claim 5 characterized in that the compound of formula I is 
dissolved in a solvent including ketones, particularly acetone, ethylmethylketone, 
isopropylmethylketone, alcohols, particularly methanol, ethanol, isopropanol, or butanols, 
further esters, particularly of formic acid, acetic acid or propionic acid with methyl, ethyl or 
propyl alcohol, and the product is precipitated with solvents including heptane, pentane, 
cyclohexane, toluene, petroleum ether, diethyl ether or water. 
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Abstract 

Title of Invention: A method of preparation of the hemi-calcium salt of (£}£7 r [4 z £4 I 

fluorophenvlV6-isopr opvl-2-rm^ 

djhvdroxy-6-heptenoic acid 

A method of preparation of the hemi-calcium salt of rosuvastatin of formula (I) consists in 
extracting an aqueous solution of the sodium or potassium salt of (E)-7-[4-(4-fluorophenyl)- 
6-isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-yl](3R 5 5S)-3 5 5 
heptenoic acid, with optional admixture of sodium or potassium hydroxide or other sodium or 
potassium salts having inorganic anions, with an organic solvent, incompletely miscible with 
water, selected from the series of R^COOR 2 , R l COR 2 or R^H, wherein R 1 and R 2 
independently represent hydrogen or a residue of a C r Ci 0 aliphatic hydrocarbon, C 6 aromatic 
hydrocarbon, C 5 or C 6 cyclic hydrocarbon, optionally a combination of an aliphatic and 
aromatic or cyclic hydrocarbon, the extract being subsequently shaken with an aqueous 
solution of an inorganic or C1-C5 organic calcium salt, and the product of formula I is further 
isolated by cooling and/or adding an anti-solvent and filtration, and optionally, is converted 
into its amorphous form. 



